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DESCRIPTION 

BATTERY REMAINING CAPACITY CALCULATING METHOD, BATTERY 
REMAINING CAPACITY CALCULATING DEVICE, AND BATTERY 
REMAINING CAPACITY CALCULATING PROGRAM 

Technical Field 

The present invention relates to a battery 
remaining capacity calculating method, a battery 
remaining capacity calculating device, and a battery 
remaining capacity calculating program for calculating a 
useable quantity of electricity of a secondary battery. 

Background Art 

A portable telephone has recently incorporated 
not only a conventional calling function but also an 
electronic mail function, a digital camera function and 
the like, and is thus changing into a high-functionality 
portable type multi - function electronic device. The 
portable telephone is driven by a battery formed by a 
secondary battery such for example as a lithium- ion 
secondary battery. For a user of the portable telephone 
to use the portable telephone without worries, an 
accurate remaining capacity of the battery needs to be 
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notified to the user. This is because an exhaustion of 
the battery of the portable telephone during a time when 
the user is out is a problem that the user most wants to 
avoid and if the user correctly knows the remaining 
capacity of the battery, the user can prevent battery 
exhaustion. However, display of the remaining capacity 
of the portable telephone is generally three -level 
display as shown in FIG. 10, which cannot be said to 
satisfy needs of the user. 

The remaining capacity in the portable telephone 
is conventionally performed by measuring only the voltage 
of the battery and comparing the voltage with a reference 
value. However, relation between the voltage and the 
remaining capacity is not a one-to-one relationship, so 
that with this calculating method, the remaining capacity 
cannot be displayed correctly. Thus the remaining 
capacity calculating method in a present situation often 
causes a problem of an increase in the remaining capacity 
displayed even when the portable telephone is used. It 
is therefore difficult to change remaining capacity 
display from present three-level display to more detailed 
display, for example 10-level display. While a method 
for solving the problem of an increase in the remaining 
capacity displayed is proposed, the method does not 
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essentially improve the accuracy of the remaining 
capacity (see for example Japanese Patent Laid-open No. 
Hei 8-237336) . 

On the other hand, two methods, that is, a 
current integration method and a voltage method are 
proposed as methods for calculating the remaining 
capacity of a battery with high accuracy. The current 
integration method calculates a present remaining 
capacity by subtracting the integrated value of 
discharged current from a full charge capacity. However, 
characteristics of current variations of the portable 
telephone or the like lie in that a current during a 
standby time, which accounts for a longest time in states 
in which the portable telephone is used, and a current 
during a call time differ by 100 times or more and in 
that a pulse-like current flows. Therefore, to measure 
and integrate such currents accurately requires a high- 
precision current measuring circuit having a wide dynamic 
range and an excellent frequency characteristic. It is 
thus impractical to apply such a circuit to a small 
portable type electronic device such as a portable 
telephone or the like. 

In the voltage method, on the other hand, 
relation between the voltage and the remaining capacity 
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is measured in advance under various conditions, and a 
voltage measured during actual use is compared with the 
above relation, whereby the remaining capacity is 
calculated. It is proposed to store remaining capacities 
corresponding to combinations of voltages and currents as 
a large-number table and compare a measured voltage and a 
measured current with the table to thereby calculate a 
remaining capacity, and also to correct the value 
according to temperature and a state of degradation of 
the battery (see for example Japanese Patent Laid-open No. 
2002-214310) . 

As pointed out by Japanese Patent Laid-open No. 
2002-214310, a secondary battery greatly varies relation 
between the voltage and the remaining capacity depending 
on use conditions of current, the temperature, a state of 
degradation and the like. It is therefore necessary to 
measure the relation between the voltage and the 
remaining capacity under many conditions corresponding to 
the use conditions and then create a table. However, the 
table created with such an extensive effort is generally 
obtained by experiments with constant -current discharge 
or constant -power discharge, and is thus far removed from 
actual use conditions of the portable telephone. 

That is, even with a same current, a same 
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temperature, and a same state of degradation, the 
relation between the voltage and the remaining capacity 
varies depending on a use history indicating how the 
portable telephone is used, for example indicating that a 
call is started after a standby state. Thus, when 
calculating a remaining capacity in an actual use 
environment in which use conditions always change, a 
method using a table created under ideal discharge 
conditions such as constant -current discharge conditions 
or constant -power discharge conditions has a low accuracy 
in the calculation. 

Another method combining the current integration 
method and' the voltage method is proposed. This method 
calculates a remaining capacity using the voltage method 
for a standby time when accurate current integration is 
difficult to be calculated and using the current 
integration method during a call time and the like when 
current is high (see for example Japanese Patent Laid- 
open No. 2002-181906) . The method is intended to reduce 
the number of tables necessary for the voltage method by 
using the voltage method only at a standby time and 
calculate a remaining capacity with high accuracy by 
using the current integration method at a call time. 
However, this invention also requires the use of the 
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current integration method, and therefore requires a 
high-precision current measuring circuit. 

As described above, the remaining capacity 
calculating method measuring only voltage as disclosed in 
Japanese Patent Laid-open No. Hei 8-237336 has an 
advantage of being able to calculate a remaining capacity 
with a relatively simple circuit configuration. However, 
because of the poor calculation accuracy of the remaining 
capacity calculating method, it is difficult to display a 
remaining capacity for a user more minutely than in 
remaining capacity display in a present situation. 

In addition, when a battery remaining capacity is 
to be calculated with high accuracy, both of the 
conventional current integration method and the 
conventional voltage method require a current measurement, 
and require a circuit for the current measurement. 
Further, considering characteristics of current 
variations of the portable telephone or the like, even 
when such a circuit is used, it is difficult to measure 
and integrate current with high accuracy. It is 
therefore impossible in practice to realize high- 
precision remaining capacity estimation using the current 
integration method. 

It is accordingly an object of the present 
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invention to provide a battery remaining capacity 
calculating method, a battery remaining capacity 
calculating device, and a battery remaining capacity 
calculating program that make it possible to estimate the 
remaining capacity of a secondary battery with high 
accuracy using a relatively simple circuit configuration. 

Disclosure of Invention 

In order to solve the above problems, according 
to the present invention, there is provided a battery 
remaining capacity calculating method for calculating a 
remaining capacity as a capacity of electricity 
dischargeable by a secondary battery, the battery 
remaining capacity calculating method including: a 
voltage measuring step of measuring an output voltage 
value of the secondary battery; a mode determining step 
of dividing a use mode of the secondary battery into a 
high consumption mode in which the output voltage value 
is not lower than a threshold value and a low consumption 
mode in which the output voltage value is lower than the 
threshold value; a low consumption time remaining 
capacity calculating step of calculating a remaining 
capacity in the low consumption mode on a basis of a 
predetermined reference voltage curve as a discharge 
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characteristic of the secondary battery and the output 
voltage value; and a high consumption time remaining 
capacity calculating step of calculating a remaining 
capacity in the high consumption mode supposing that 
there is little change in the remaining capacity at a 
time of change from the low consumption mode to the high 
consumption mode. 

By dividing the use mode of the secondary battery 
into the high consumption mode in which the output 
voltage value is not lower than the threshold value and 
the . low consumption mode in which the output voltage 
value is lower than the threshold value, calculating a 
remaining capacity in the low consumption mode from the 
reference voltage curve, and supposing that change in the 
remaining capacity at a time of change in the use mode is 
zero, a voltage change caused by an effect of an internal 
impedance of the secondary battery can be removed for 
remaining capacity calculation. In addition, since the 
discharge characteristic in the low consumption mode can 
be represented by using one reference voltage curve, it 
is possible to reduce a capacity of characteristic 
information, and reduce a storage capacity necessary to 
calculate the battery remaining capacity. 

The battery remaining capacity calculating method 
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according to the present invention further includes an 
initializing step of setting a reference remaining 
capacity as a remaining capacity before the use mode 
change and a start voltage as an output voltage at a time 
of a start of the high consumption mode, wherein in the 
high consumption time remaining capacity calculating step, 
a remaining capacity is calculated on a basis of the 
reference remaining capacity, the start voltage, a 
predetermined cutoff voltage of the secondary battery, 
and the output voltage value. Since the remaining 
capacity is calculated on the basis of the reference 
remaining capacity, the start voltage, and the cutoff 
voltage, it is possible to only measure the output 
voltage value also in the high consumption mode to 
calculate the remaining capacity accurately and minutely. 
In 'addition, since only the voltage measurement is 
performed to calculate the remaining capacity, a need for 
a sophisticated ammeter ready for pulse -like current 
changes is eliminated. Therefore a configuration for 
realizing the battery remaining capacity calculating 
method according to the present invention can be 
simplified . 

The remaining capacity Qm in the high consumption 
mode may be calculated by an equation 
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^ (Vn-Vm) ^ , Vm-Vt . 

Qm = Qn - Qn- = Qn ( ) 

(Vn- Vt) Vn-Vt 

using the reference remaining capacity Qn, the start 
voltage Vn, the cutoff voltage Vt, and the output voltage 
value Vm. Since the remaining capacity in the high 
consumption mode can be calculated by the simple equation, 
a sophisticated arithmetic device as a circuit for 
performing an operation is not required. In addition, 
since the effect of the internal impedance of the 
secondary battery depending on a use environment and a 
use history can be removed in calculating the remaining 
capacity, it is possible to eliminate a need to store a 
large capacity of discharge characteristic data, and 
reduce a storage capacity necessary to calculate the 
battery remaining capacity. 

The battery remaining capacity calculating method 
according to the present invention further includes an 
initializing step of setting a voltage gap as an output 
voltage change at the time of the use mode change, 
wherein in the high consumption time remaining capacity 
calculating step, a remaining capacity is calculated on a 
basis of the voltage gap and the output voltage value. 
The voltage gap is changed by the effect of the internal 
impedance when the use mode of the secondary battery is 
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changed. Therefore, by calculating the remaining 
capacity on the basis of the voltage gap and the output 
voltage, it is possible to remove the effect of the 
internal impedance and calculate the remaining capacity 
accurately and minutely. 

In addition, an addition voltage value (Vm + AV) 
may be calculated by adding the voltage gap AV to the 
output voltage value Vm, and a remaining capacity at the 
addition voltage value (Vm + AV) on the reference voltage 
curve may be set as the remaining capacity Qm in the high 
consumption mode. Since the addition voltage value is 
calculated and the remaining capacity is calculated on 
the basis of the reference voltage curve and the addition 
voltage value, it is possible to perform the calculation 
of the remaining capacity with the effect of the internal 
impedance removed supposing that there is no voltage gap 
as the voltage change at the time of the use mode change 
of the secondary battery. 

Whether the secondary battery is in the low 
consumption mode or in the high consumption mode can be 
determined in the mode determining step by measuring an 
output current value of the secondary battery, detecting 
a change in output voltage of the secondary battery, and 
obtaining information from an electronic device side to 
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which the secondary battery supplies power, for example. 
When information is exchanged with the electronic device, 
constituent parts for detecting the use mode can be 
simplified. In addition, even when consumed current is 
detected to make the determination, high-precision 
measurement is not required, and thus manufacturing cost 
can be reduced. 

In addition, in order to solve the above problems, 
according to the present invention, there is provided a 
battery remaining capacity calculating device for 
calculating a remaining capacity as a capacity of 
electricity dischargeable by a secondary battery, the 
battery remaining capacity calculating device including: 
voltage measuring means for measuring an output voltage 
value of the secondary battery; and arithmetic means for 
performing information processing, a reference voltage 
curve as a discharge characteristic of the secondary 
battery being recorded in the arithmetic means; wherein 
the arithmetic means divides a use mode of the secondary 
battery into a high consumption mode in which the output 
voltage value is not lower than a threshold value and a 
low consumption mode in which the output voltage value is 
lower than the threshold value, the arithmetic means 
calculates a remaining capacity of the secondary battery 

12 



S04P1209 



in the low consumption mode on a basis of the voltage 
value measured by the voltage measuring means and the 
reference voltage curve, and the arithmetic means 
calculates a remaining capacity in the high consumption 
mode on a basis of a reference remaining capacity as a 
remaining capacity before a use mode change, a start 
voltage as an output voltage at a time of a start of the 
high consumption mode, a predetermined cutoff voltage of 
the secondary battery, and the output voltage value. 

Since the remaining capacity is calculated on the 
basis of the reference remaining capacity, the start 
voltage, and the cutoff voltage, it is possible to only 
measure the output voltage value also in the high 
consumption mode to calculate the remaining capacity 
accurately and minutely. In addition, since only the 
voltage measurement is performed to calculate the 
remaining capacity, a need for a sophisticated ammeter 
ready for pulse-like current changes is eliminated. 
Therefore a configuration for realizing the battery 
remaining capacity calculating method according to the 
present invention can be simplified. The remaining 
capacity Qm in the high consumption mode may be 
calculated by an equation 
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_ (Vn-Vm) ^ , Vm-Vt . 

Qm = Qn - Qn- = Qn ( ) 

(Vn-Vt) Vn-Vt 

using the reference remaining capacity Qn, the start 
voltage Vn, the cutoff voltage Vt, and the output voltage 
value Vm. Since the remaining capacity in the high 
consumption mode can be calculated by the simple equation, 
a sophisticated arithmetic device as a circuit for 
performing an operation is not required. In addition, 
since the effect of the internal impedance of the 
secondary battery depending on a use environment and a 
use history can be removed in calculating the remaining 
capacity, it is possible to eliminate a need to store a 
large capacity of discharge characteristic data, and 
reduce a storage capacity necessary to calculate the 
battery remaining capacity. 

In addition, in order to solve the above problems, 
according to the present invention, there is provided a 
battery remaining capacity calculating device for 
calculating a remaining capacity as a capacity of 
electricity dischargeable by a secondary battery, the 
battery remaining capacity calculating device including: 
voltage measuring means for measuring an output voltage 
value of the secondary battery; and arithmetic means for 
performing information processing, a reference voltage 
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curve as a discharge characteristic of the secondary 
battery being recorded in the arithmetic means; wherein 
the arithmetic means divides a use mode of the secondary 
battery into a high consumption mode in which the output 
voltage value is not lower than a threshold value and a 
low consumption mode in which the output voltage value is 
lower than the threshold value, the arithmetic means 
calculates a remaining capacity of the secondary battery 
in the low consumption mode on a basis of the voltage 
value measured by the voltage measuring means and the 
reference voltage curve, and the arithmetic means 
calculates a remaining capacity in the high consumption 
mode on a basis of a voltage gap as an output voltage 
change at a time of a use mode change and the output 
voltage value. 

The voltage gap is changed by the effect of the 
internal impedance when the use mode of the secondary 
battery is changed. Therefore, by calculating the 
remaining capacity on the basis of the voltage gap and 
the output voltage, it is possible to remove the effect 
of the internal impedance and calculate the remaining 
capacity accurately and minutely. In addition, an 
addition voltage value (Vm + AV) may be calculated by 
adding the voltage gap AV to the output voltage value Vm, 
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and a remaining capacity at the addition voltage value 
(Vm + AV) on the reference voltage curve may be set as 
the remaining capacity Qm in the high consumption mode. 
Since the addition voltage value is calculated and the 
remaining capacity is calculated on the basis of the 
reference voltage curve and the addition voltage value, 
it is possible to perform the calculation of the 
remaining capacity with the effect of the internal 
impedance removed supposing that there is no voltage gap 
as the voltage change at the time of the use mode change 
of the secondary battery. 

In order to solve the above problems, according 
to the present invention, there is provided a battery 
remaining capacity calculating program for calculating a 
remaining capacity as a capacity of electricity 
dischargeable by a secondary battery, the battery 
remaining capacity calculating program including making a 
processor perform: a voltage measuring step of measuring 
an output voltage value of the secondary battery; a mode 
determining step of dividing a use mode of the secondary 
battery into a high consumption mode in which the output 
voltage value is not lower than a threshold value and a 
low consumption mode in which the output voltage value is 
lower than the threshold value; a low consumption time 
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remaining capacity calculating step of calculating a 
remaining capacity in the low consumption mode on a basis 
of a predetermined reference voltage curve as a discharge 
characteristic of the secondary battery and the output 
voltage value; and a high consumption time remaining 
capacity calculating step of calculating a remaining 
capacity in the high consumption mode supposing that 
there is little change in the remaining capacity at a 
time of change from the low consumption mode to the high 
consumption mode. 

By dividing the use mode of the secondary battery 
into the high consumption mode in which the output 
voltage value is not lower than the threshold value and 
the low consumption mode in which the output voltage 
value is lower than the threshold value, calculating a 
remaining capacity in the low consumption mode from the 
reference voltage curve, and supposing that change in the 
remaining capacity at a time of change in the use mode is 
zero, a voltage change caused by an effect of an internal 
impedance of the secondary battery can be removed for 
remaining capacity calculation. In addition, since the 
discharge characteristic in the low consumption mode can 
be represented by using one reference voltage curve, it 
is possible to reduce a capacity of characteristic 
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information, and reduce a storage capacity necessary to 
calculate the battery remaining capacity. 

By dividing the use mode of the secondary battery 
into the high consumption mode in which the output 
voltage value is not lower than the threshold value and 
the low consumption mode in which the output voltage 
value is lower than the threshold value, calculating a 
remaining capacity in the low consumption mode from the 
reference voltage curve, and supposing that change in the 
remaining capacity at a time of change in the use mode is 
zero, a voltage change caused by an effect of an internal 
impedance of the secondary battery can be removed for 
remaining capacity calculation. 

According to the present invention, a battery 
remaining capacity can be displayed for a user with high 
accuracy and in detail, and thus the convenience of the 
user can be improved. Further, since the user knows the 
accurate remaining capacity level of the secondary 
battery, the user can charge the secondary battery at an 
appropriate time. As a result, a time during which the 
portable type electronic device can be driven on one 
charge can be lengthened, so that the convenience of the 
user can be further improved. In addition, according to 
the present invention, a high-precision current measuring 
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circuit is not required, and therefore the remaining 
capacity of the secondary battery can be estimated with 
high accuracy using a relatively simple circuit 
configuration. It is thus possible to reduce the number 
of parts of the electronic device, and to decrease the 
price of constituent parts. It is thus possible to 
reduce the cost of manufacturing the electronic device, 
and reduce the weight of the electronic device. 

Brief Description of Drawings 

FIG. 1 is a block diagram showing an example of 
configuration of a portable telephone calculating the 
remaining capacity of a secondary battery using a battery 
remaining capacity calculating method according to a 
first embodiment of the present invention; 

FIG. 2 is a graph showing an example of a 
reference voltage curve stored in advance in a volatile 
storage device of an arithmetic device in the first 
embodiment of the present invention; 

FIG. 3 is an example of a reference table 
indicating relation between a remaining capacity level Q 
set for each output voltage value of the secondary 
battery and an output voltage V in the first embodiment 
of the present invention; 
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FIG. 4 is a graph schematically showing a voltage 
change when a state of use of the portable telephone is 
changed from a standby time to a call time in the first 
embodiment of the present invention; 

FIG. 5 is a flowchart of assistance in explaining 
a process for calculating the remaining capacity of the 
secondary battery in the first embodiment of the present 
invention; 

FIG. 6 is a graph schematically showing a voltage 
change when a state of use of the portable telephone is 
changed from a standby time to a call time in a second 
embodiment of the present invention; 

FIG. 7 is a flowchart of assistance in explaining 
a process for calculating the remaining capacity of a 
secondary battery in the second embodiment of the present 
invention; 

FIG. 8 is a diagram showing images imitating a 
battery, for displaying a remaining capacity level Qm on 
a main body unit in a first example of the present 
invention; 

FIG. 9 is a graph showing relation between 
voltage Vm measured in the first example of the present 
invention and the display value of the remaining capacity 
level Qm; and 
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FIG. 10 is a diagram showing an example of 
remaining capacity display in an electronic device using 
a conventional secondary battery. 

Best Mode for Carrying out the Invention 

A battery remaining capacity calculating method, 
a battery remaining capacity calculating device, and a 
battery remaining capacity calculating program to which 
the present invention is applied will hereinafter be 
described in detail with reference to the drawings. It 
is to be noted that the present invention is not limited 
to descriptions below, and changes may be made without 
departing from the spirit of the present invention. 
Incidentally, in the descriptions below, a remaining 
capacity refers to a quantity of electricity that can be 
discharged by a secondary battery, voltage refers to a 
value of voltage across the secondary battery, and 
current refers to a value of current that is discharged 
from the secondary battery or with which the secondary 
battery is charged. Also, a voltage at which power 
supply is stopped will be referred to as a cutoff voltage. 
In addition, as an indication of a remaining capacity, 
for example a remaining capacity level represented by a 
ratio with 100 for a fully charged state of the secondary 
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battery and zero as a remaining capacity at the voltage 
at which power supply is stopped will be used. Since the 
remaining capacity level represents a ratio in a range 
from a fully charged state to a fully discharged state of 
the secondary battery, the calculation of the remaining 
capacity level is equivalent to the calculation of a 
quantity of electricity dischargeable by the secondary 
battery. 

A battery remaining capacity calculating method 
according to the present invention distinguishes a low 
consumption mode in which a value of current output by a 
secondary battery is relatively low and an effect of 
internal impedance is negligible and a high consumption 
mode in which a value of current output by the secondary 
battery is relatively high and the effect of the internal 
impedance is not negligible, and calculates a remaining 
capacity level on the basis of a value of output voltage 
of the secondary battery in each mode . 
[First Embodiment] 

A portable telephone as an electronic device 
using a battery remaining capacity calculating method 
according to a present embodiment as a first embodiment 
of the present invention will be described with reference 
to FIGS. 1 to 5 . It is to be noted that while 
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description will be made of a portable telephone driven 
by a battery such as a secondary battery or the like, it 
is needless to say that the present embodiment is 
applicable to portable type electronic devices other than 
the portable telephone, that is, portable type electronic 
devices such for example as digital cameras, video 
cameras, and PDAs (Personal Digital Assistants) . 

FIG. 1 is a block diagram showing an example of 
configuration of a portable telephone that calculates a 
remaining capacity of a secondary battery using the 
battery remaining capacity calculating method according 
to the present embodiment. The portable telephone 11 is 
formed by a main body unit 21 and a battery unit 22. A 
connection between the main body unit 21 and the battery 
unit 22 is made by a power line 23 for power supply and a 
communication line 24 for information exchange. 

The main body unit 21 is an electronic device as 
a load that consumes power. The main body unit 21 
includes elements provided for an ordinary portable 
telephone, such as an information processing circuit for 
controlling a telephone calling function, a liquid 
crystal screen for displaying information such as a 
remaining capacity of a battery, a call duration and the 
like, an antenna for communicating with a base station, 
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and the like. The main body unit 21 may have only a 
calling function, or may have a plurality of functions 
such for example as an electronic mail function and a 
digital camera function. 

The battery unit 22 includes for example a 
secondary battery 31 that can be charged and discharged, 
such as a lithium- ion secondary battery or the like, and 
a control unit 32 for calculating a remaining capacity 
and monitoring the battery for an abnormal state. 
Incidentally, while the battery unit 22 represents an 
example formed by one secondary battery, the battery unit 
2 2 may be a cell set formed by a plurality of secondary 
batteries. In this case, the voltage of each secondary 
battery may be measured separately to calculate the 
remaining capacity of each secondary battery, or the 
voltage of the whole of the battery unit 22 may be 
measured to calculate the remaining capacity. 

The control unit 32 includes a voltage measuring 
device 41 for measuring the voltage of the secondary 
battery 31 and an arithmetic device 42 for calculating a 
remaining capacity. The voltage measuring device 41 is 
formed by an AD converter, for example. The voltage 
measuring device 41 measures the voltage of the secondary 
battery 31, converts the measured analog voltage value 
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into a digital value, and then transmits the voltage 
value to the arithmetic device 42. The arithmetic device 
42 calculates a remaining capacity according to the 
measured voltage value of the secondary battery 31, and 
then transmits the result to the main body unit 21 of the 
portable telephone 11. The arithmetic device 42 includes 
an information processing circuit for performing 
arithmetic, a volatile storage device for temporarily 
storing data such as the measured voltage and the 
calculated remaining capacity, and a nonvolatile storage 
device for storing a program and a characteristic of the 
secondary battery 31. Incidentally, while in the 
configuration example shown in FIG. 1, the control unit 
3 2 is separated from the main body unit 21 of the 
portable telephone 11, the control unit 32 may be 
incorporated into the main body unit 21 and control the 
battery unit 22 . 

Description will next be made of a measuring 
method for data stored in advance in the nonvolatile 
storage device of the arithmetic device 42. In the 
present embodiment, a relation between the voltage and 
the remaining capacity needs to be measured in advance 
and stored as data in order to calculate the remaining 
capacity by a voltage method at a standby time when the 
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portable telephone 11 is not used. Accordingly, for 
example, a secondary battery of a same type as the 
secondary battery 31 included in the battery unit 22 is 
charged to a full charge voltage, and thereafter the 
relation between the voltage and the remaining capacity 
is measured while the secondary battery is discharged at 
a low- load current of 10 mA, for example, until a cutoff 
voltage is reached. Incidentally, it is desirable that 
the measurement at this time be performed at room 
temperature. A discharge characteristic as the relation 
between the voltage and the remaining capacity may be 
represented by some function, or a plurality of relations 
between the remaining capacity and voltage the may be 
represented as a table. The discharge characteristic 
measured in advance is stored in advance as a reference 
voltage curve in the nonvolatile storage device of the 
arithmetic device 42. 

FIG. 2 is a graph showing an example of the 
reference voltage curve stored in advance in the 
nonvolatile storage device of the arithmetic device 42 as 
described above. An axis of abscissas indicates a 
discharged capacity corresponding to the integrated value 
of a quantity of electricity discharged by the secondary 
battery 31. An axis of ordinates indicates the output 
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voltage value of the secondary battery 31. After 
discharge in a low consumption mode is started in a full 
charge state in which the discharged capacity is zero, 
the discharged capacity increases with the passage of 
time, and as the discharged capacity increases, the 
output voltage decreases. A cutoff voltage Vt at which 
the discharging of the secondary battery 31 is stopped is 
recorded in the nonvolatile storage device of the 
arithmetic device 42. 

FIG. 3 is an example of a reference table 
indicating a relation between the remaining capacity 
level Q and the output voltage V set for each output 
voltage value of the secondary battery 31. The 
information of the reference table shown in FIG. 3 is 
recorded in advance together with the reference voltage 
curve in the nonvolatile storage device of the arithmetic 
device 42. The reference table shown in FIG. 3 is an 
example indicating the relation between the remaining 
capacity level Q and the output voltage V. The remaining 
capacity level Q may be divided into not only 10 levels 
but also a different number of levels. The output 
voltage V does not need to be values shown in the figure, 
and can be set appropriately for each secondary battery 
31. In addition, FIG. 3 shows an example in which a 
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difference between the output voltage in a fully charged 
state of the secondary battery 31 and the cutoff voltage 
is divided equally, and the remaining capacity level Q is 
set such that the output voltage V is at equal intervals. 
However, the output voltage V does not need to be divided 
equally. For example, when the secondary battery 31 is 
discharged with a low load, a time from a fully charged 
state to reaching of the cutoff voltage Vt may be divided 
equally, and the output voltage corresponding to a 
discharged capacity on the reference voltage curve and 
the remaining capacity level Q may be associated with 
each other. 

The battery remaining capacity calculating method 
according to the present embodiment will next be 
described. The power consumption of the portable 
telephone 11 is characterized in that there are a low 
consumption mode at a standby time or the like in which 
mode a load on the battery unit 22 consumes little power 
and a high consumption mode at a call time or the like in 
which mode the load on the battery unit 2 2 consumes high 
power. Accordingly, in the battery remaining capacity 
calculating method according to the present embodiment, a 
remaining capacity calculating method at the standby time 
in the low consumption mode and a remaining capacity 
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calculating method at a use time such as the call time or 
the like in the high consumption mode are made different 
from each other. In addition to the call time, there are 
various use conditions conceivable in the high 
consumption mode, for example use conditions where a 
display unit backlight of the portable telephone 11 is 
lit and where an electronic mail function is used. 

The remaining capacity calculating method in each 
mode will be described in the following. The output 
voltage of the secondary battery 31 varies greatly 
depending on the magnitude of output current and the 
temperature of a use environment. Therefore, in the high 
consumption mode in which the portable telephone 11 is 
used, a battery remaining capacity and the voltage are 
not in a one-to-one relationship, and there are many 
discharge characteristics according to the use 
environment and battery degradation. This is because in 
a state of current being fed, the voltage is decreased 
from a voltage in a no-load state according to the 
current due to the effect of the internal impedance of 
the secondary battery 31 which impedance changes 
according to the temperature of the use environment and a 
state of degradation. 

In the low consumption mode in which the portable 



S04P1209 



telephone 11 is not used, on the other hand, the current 
value is low and the internal impedance of the secondary 
battery 31 produces little effect, so that the battery 
remaining capacity and the voltage are in substantially a 
one-to-one relationship. Therefore, the discharge 
characteristic can be represented by a single reference 
voltage curve, and the battery remaining capacity of the 
secondary battery 31 can be calculated by measuring the 
voltage value of the secondary battery 31. As described 
above, the reference voltage curve is obtained by 
measuring the voltage value in a state of a low current 
being consumed and then stored in advance as relation 
between the voltage value and the battery remaining 
capacity in the nonvolatile storage device of the 
arithmetic device 42. 

That is, in the battery remaining capacity 
calculating method according to the present embodiment, a 
so-called voltage method is used as the remaining 
capacity calculating method at a standby time in the low 
consumption mode. The battery remaining capacity and the 
output voltage in a state in which low current is 
consumed and the internal impedance of the secondary 
battery 31 produces a little effect as at a standby time 
can be said to be in substantially a one-to-one 
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relationship. Accordingly, the voltage method is used to 
calculate the battery remaining capacity at a time of the 
low consumption mode such as a standby time or the like. 
Incidentally, whether the portable telephone 11 is at a 
standby time may be determined by any method. For 
example, the control unit 32 may receive some signal 
indicating a standby time from the main body unit 21 of 
the portable telephone 11 via the communication line 24 
to determine that the portable telephone 11 is at a 
standby time. In addition, a current measuring circuit 
may detect the value of a consumed current for the 
determination. Since it suffices for the current 
measuring circuit used to detect the consumed current to 
measure a current value, it is not necessary to use a 
sophisticated current measuring circuit that measures 
current in a pulse form with high accuracy, for example. 

Since the discharge characteristic in the low 
consumption mode can be represented by a single reference 
voltage curve, a capacity of discharge characteristic 
information recorded in the nonvolatile storage device of 
the arithmetic device 42 can be reduced. It is thus 
possible to reduce the storage capacity of the 
nonvolatile storage device and reduce the cost of 
manufacturing the arithmetic device 42. In addition, 



S04P1209 



when information is exchanged between the main body unit 
21 of the portable telephone 11 and the arithmetic device 
42 as a method for determining whether the portable 
telephone 11 is in the low consumption mode or in the 
high consumption mode, constituent parts of the portable 
telephone 11 can be simplified. In addition, even when 
the consumed current is detected to determine whether the 
portable telephone 11 is in the low consumption mode or 
in the high consumption mode, measurement with high 
accuracy is not required, and thus the cost of 
manufacturing the portable telephone 11 can be reduced. 

Description will next be made of a remaining 
capacity calculating method when switching is performed 
from the low consumption mode at a standby time or the 
like when the load on the secondary battery 31 is low to 
the high consumption mode at a call time or the like when 
the load on the secondary battery 31 is heavy. FIG. 4 is 
a graph schematically showing voltage change when a state 
of use of the portable telephone 11 is changed from a 
standby time to a call time. Since the standby time 
represents the low consumption mode in which low current 
is consumed and there is little voltage change, a change 
satisfying the relation between the voltage value and the 
battery remaining capacity as represented by the 
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reference voltage curve continues. However, when 
switching is performed to the high consumption mode by 
starting a call at a certain point in time, the value of 
the consumed current increases sharply, and therefore the 
voltage value also changes sharply due to the effect of 
the internal impedance of the secondary battery 31. The 
voltage decreases discontinuously at the time of starting 
the call, and then decreases slowly. This discontinuous 
decrease in the voltage, which decrease is caused by the 
effect of the internal impedance of the secondary battery 
31 and current value change, can be said to have little 
relation to change in the battery remaining capacity as a 
quantity of electricity dischargeable by the secondary 
battery 31. 

On the other hand, the slow decrease in the 
voltage after the discontinuous decrease. in the voltage 
results from decrease in the battery remaining capacity 
as the portable telephone 11 consumes power. Accordingly, 
it is assumed that the discontinuous decrease in the 
voltage at the moment of switching from the low 
consumption mode to the high consumption mode does not 
change the battery remaining capacity of the secondary 
battery 31, and the battery remaining capacity is 
calculated ignoring current consumption at the time of 
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switching of the power consumption mode. 

Description will next be made of the remaining 
capacity calculating method in the high consumption mode 
at a call time or the like when the load on the secondary 
battery 31 is heavy. As shown in FIG. 4, in the high 
consumption mode, the secondary battery 31 discharges and 
power is consumed by the main body unit 21 of the 
portable telephone 11, whereby the battery remaining 
capacity is decreased. The power consumption of the main 
body unit 21 is performed in a pulse-like manner in 
nature, and thus the value of the output voltage varies 
violently. However, when voltage values for a certain 
time are averaged, the voltage decreases describing a 
gentle curve as shown in FIG. 4. Accordingly, the 
battery remaining capacity is calculated on the basis of 
a start voltage Vn as the output voltage at a time of a 
start of the high consumption mode and the cutoff voltage 
Vt . 

As described with reference to FIG. 4, it is 
assumed in the present embodiment that a discontinuous 
voltage change when switching is performed from the low 
consumption mode to the high consumption mode does not 
affect change in the battery remaining capacity. 
Remaining capacity levels Qn before and after the 
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discontinuous voltage change are therefore considered to 
be the same. Hence, the remaining capacity level at the 
start voltage Vn at the time of the start of the high 
consumption mode is set as Qn obtained from the reference 
voltage curve shown in FIG. 2 and the reference table 
shown in FIG. 3. The cutoff voltage Vt at which the 
discharging of the secondary battery 31 is stopped is the 
same in both the low consumption mode and the high 
consumption mode, and thus the remaining capacity level 
at the cutoff voltage Vt is set to zero. 

When the value of the output voltage in the high 
consumption mode is considered to be decreased to the 
cutoff voltage Vt at a substantially fixed rate as shown 
in FIG. 4, remaining capacity levels are set by equally 
dividing a difference between the start voltage Vn and 
the cutoff voltage Vt . Thus, when the output voltage of 
the secondary battery 31 is Vm, the remaining capacity 
level Qm during use of the portable telephone 11 in the 
high consumption mode can be calculated by the following 
equation using (Vn - Vm) as a range of decrease in the 
high consumption mode. An operation of rounding off the 
remaining capacity level Qm to the nearest whole number 
after calculating the remaining capacity level Qm, for 
example, may be performed. 
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Equation 1 

(Vn- Vm) _ , Vm-Vt . 

Qm = Qn - Qn = Qn ( ) 

(Vn-Vt) Vn-Vt 

While FIG. 4 shows a case in which the output 
voltage is decreased at a fixed rate, the remaining 
capacity level Qm can be calculated from Equation 1 on 
the basis of the start voltage Vn at the time of the 
start of the high consumption mode and the cutoff voltage 
Vt also when the output voltage in the high consumption 
mode is expressed by v = f (t) as a function of time t. 
In addition, while Equation 1 represents a case where the 
difference between the start voltage Vn and the cutoff 
voltage Vt is divided equally, a ratio for dividing the 
remaining capacity level in a range from the start 
voltage Vn to the cutoff voltage Vt may be represented by 
a reference table or a function and calculated. 

The battery remaining capacity calculating method 
according to the present embodiment does not require many 
discharge characteristic graphs also when the remaining 
capacity level in the high consumption mode is calculated. 
Therefore a capacity of discharge characteristic 
information recorded in the nonvolatile storage device of 
the arithmetic device 42 can be reduced. It is thus 
possible to reduce the storage capacity of the 
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nonvolatile storage device and reduce the cost of 
manufacturing the arithmetic device 42 . 

At this time, for example, a change in the use 
mode of the electronic device connected to the battery 
may be detected to calculate the voltage change caused by 
the current value change at the time of mode switching 
from voltages before and after the change in the use mode 
of the electronic device. Alternatively, a point of 
discontinuity of the voltage change may be detected as 
shown in FIG. 4 to calculate the voltage change from 
voltages before and after the point of discontinuity. 
Alternatively, as described above, a current measuring 
circuit may detect the value of consumed current so that 
the voltage change is determined on the basis of a 
capacity of change in the value of the consumed current. 

A process for calculating the remaining capacity 
of the secondary battery 31 by the control unit 32 will 
next be described with reference to a flowchart of FIG. 5. 
Incidentally, suppose that information such as the 
reference voltage curve shown in FIG. 2, the reference 
table shown in FIG. 3, the cutoff voltage Vt and the like 
is recorded in the nonvolatile storage device of the 
arithmetic device 42. Also suppose that the operation of 
the process to be described below is repeated 
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periodically during use of the portable telephone 11. 
For example, the operation is repeated with a frequency 
of once in 10 seconds, for example, so that the latest 
remaining capacity level is always calculated and 
displayed . 

Step 1 is a voltage measuring step for measuring 
the value of output voltage of the secondary battery 31. 
The voltage measuring device 41 transmits the output 
voltage Vm measured by the voltage measuring device 41 to 
the arithmetic device 42 . The process proceeds to step 2 . 
At this time, the output voltage Vm obtained by only one 
measurement performed by the voltage measuring device 41 
may be used as it is, or the output voltage Vm may be 
determined by subjecting measured values to some 
processing in the arithmetic device 42, for example using, 
as the output voltage Vm, an average value of output 
voltages obtained by a plurality of voltage measurements 
performed during a certain time. 

Step 2 is a mode determining step for determining 
whether the main body unit 21 of the portable telephone 
11 is in the low consumption mode or in the other mode, 
that is, the high consumption mode. When the arithmetic 
device 42 determines that the main body unit 21 of the 
portable telephone 11 is in the low consumption mode, the 
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process proceeds to step 3. When the arithmetic device 
42 determines that the main body unit 21 of the portable 
telephone 11 is in other than the low consumption mode, 
the process proceeds to step 4 . Whether the main body 
unit 21 of the portable telephone 11 is in the low 
consumption mode may be determined by any determining 
method. For example, the control unit 3 2 may receive 
some signal indicating a standby time from the main body 
unit 21 of the portable telephone 11 via the 
communication line 24 to determine that the portable 
telephone 11 is at a standby time. In addition, a 
current measuring circuit may detect the value of a 
consumed current for the determination. 

Step 3 is a low consumption time remaining 
capacity calculating step for calculating the remaining 
capacity level Qm in the low consumption mode. The 
arithmetic device 42 calculates the remaining capacity 
level Qm from the output voltage Vm of the secondary 
battery 31, the output voltage Vm being measured in step 
1 as the voltage measuring step, on the basis of the 
reference voltage curve and the reference table stored in 
advance in the nonvolatile storage device of the 
arithmetic device 42. The calculated remaining capacity 
level Qm is recorded in the volatile storage device. The 
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process then proceeds to step 7 . 

Step 4 is a current change calculating step for 
determining whether switching has just been performed 
from the low consumption mode to the high consumption 
mode or whether a state of the portable telephone 11 
being used in the high consumption mode is maintained. 
The arithmetic device 42 determines whether the value of 
current output from the secondary battery 31 is changed, 
that is, whether the use mode of the portable telephone 
11 is changed. When the arithmetic device 42 determines 
that the value of the current is changed, the process 
proceeds to step 5. When the arithmetic device 42 
determines that the value of the current is not changed, 
the process proceeds to step 6. Incidentally, whether 
the value of the current is changed may be determined by 
any determining method. For example, the control unit 3 2 
may receive some signal indicating a change in the use 
mode from the main body unit 21 of the portable telephone 
11 via the communication line 24 to determine that the 
value of the current is changed. In addition, a current 
measuring circuit may be used to detect the value of the 
current output from the secondary battery 31 for the 
determination. Since it suffices for the current 
measuring circuit used to detect the current to measure a 
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current value, it is not necessary to use a sophisticated 
current measuring circuit that measures current in a 
pulse form with high accuracy, for example. 

Step 5 is an initializing step performed 
immediately after the use mode of the portable telephone 
11 is changed from the low consumption mode to the high 
consumption mode. In step 5, a parameter necessary to 
calculate the remaining capacity level in the high 
consumption mode is initialized. The arithmetic device 
42 sets a remaining capacity level Qn in the low 
consumption mode immediately before the change in the 
current as a reference remaining capacity level, and sets 
a measured voltage Vn immediately after a discontinuous 
voltage decrease as a start voltage. The arithmetic 
device 42 records the reference remaining capacity level 
Qn and the start voltage Vn in the volatile storage 
device. When the arithmetic device 42 completes the 
setting and recording of the reference remaining capacity 
level Qn and the start voltage Vn as the initializing 
process, the process proceeds to step 6. 

Step 6 is a high consumption time remaining 
capacity calculating step for calculating the remaining 
capacity level Qm in the high consumption mode. The 
arithmetic device 42 calculates the remaining capacity 
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level Qm when a measured voltage is Vm from the above - 
described Equation 1 using the reference remaining 
capacity level Qn and the start voltage Vn recorded in 
the volatile storage device and the cutoff voltage Vt 
recorded in the nonvolatile storage device. After the 
remaining capacity level Qm is recorded in the volatile 
storage device, the process proceeds to step 7. A 
difference between the start voltage Vn and the measured 
voltage Vm is a voltage change caused by a change in the 
remaining capacity. In the present embodiment, the 
remaining capacity level Qm is calculated ignoring the 
voltage change when switching is performed from the low 
consumption mode to the high consumption mode. The 
values of the reference remaining capacity level Qn and 
the start voltage Vn used in this step are recorded in 
the nonvolatile storage device in step 5. When the 
process proceeds from step 4 to step 6, the reference 
remaining capacity level Qn and the start voltage Vn set 
in step 5 as the initializing step performed most 
recently are used . 

Step 7 is a remaining capacity displaying step 
for displaying the calculated remaining capacity Qm on 
the main body unit 21 of the portable telephone 11. The 
arithmetic device 42 transmits the information of the 
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remaining capacity level Qm calculated in step 3 or step 
6 and recorded in the volatile storage device to the main 
body unit 21 via the communication line 24. The 
information of the remaining capacity level Qm is 
displayed on the display device of the main body unit 21 
so that the remaining capacity level Qm of the secondary 
battery 31 is notified to a user. Incidentally, in 
addition to stepwise level display of the remaining 
capacity level Qm, time display of a maximum standby time, 
a maximum calling time or the like may be made on the 
basis of the remaining capacity level. 

The battery remaining capacity calculating method 
according to the present embodiment does not require many 
discharge characteristic graphs both when the remaining 
capacity in the low consumption mode is calculated and 
when the remaining capacity level in the high consumption 
mode is calculated. Therefore a capacity of discharge 
characteristic information recorded in the nonvolatile 
storage device of the arithmetic device 42 can be reduced. 
It is thus possible to reduce the storage capacity of the 
nonvolatile storage device and reduce the cost of 
manufacturing the arithmetic device 42. 
[Second Embodiment] 

A method of calculating a battery remaining 
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capacity using an identical reference voltage curve both 
in a low consumption mode and in a high consumption mode 
according to a second embodiment of the present 
embodiment will be described with reference to FIG. 6 and 
FIG. 7. A battery remaining capacity calculating method 
according to the present embodiment and the battery 
remaining capacity calculating method according to the 
first embodiment differ only in the method of calculating 
a battery remaining capacity in the high consumption mode. 
Therefore suppose that a configuration of a portable 
telephone, a reference voltage curve, and a reference 
table between remaining capacity levels and voltage 
values, for example, described with reference to FIGS. 1 
to 3 are the same as in the first embodiment. 

Description will next be made of the battery 
remaining capacity calculating method according to the 
present embodiment. The power consumption of a portable 
telephone 11 is characterized in that there are a low 
consumption mode at a standby time or the like in which 
mode a load on a battery unit 22 consumes little power 
and a high consumption mode at a call time or the like in 
which mode the load on the battery unit 22 consumes high 
power. Accordingly, in the battery remaining capacity 
calculating method according to the present embodiment, a 
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remaining capacity calculating method at the standby time 
in the low consumption mode and a remaining capacity 
calculating method at a use time such as the call time or 
the like in the high consumption mode are made different 
from each other. In addition to the call time, there are 
various use conditions conceivable in the high 
consumption mode, for example use conditions where a 
display unit backlight of the portable telephone 11 is 
lit and where an electronic mail function is used. 

The remaining capacity calculating method in each 
mode will be described in the following . The output 
voltage of the secondary battery 31 varies greatly 
depending on the magnitude of output current and the 
temperature of a use environment . Therefore , in the high 
consumption mode in which the portable telephone 11 is 
used, a battery remaining capacity and the voltage are 
not in a one-to-one relationship, and there are many 
discharge characteristics according to the use 
environment and battery degradation. This is because in 
a state of current being fed, the voltage is decreased 
from a voltage in a no-load state according to the 
current due to the effect of the internal impedance of a 
secondary battery 31 which impedance changes according to 
the temperature of the environment . 
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In the low consumption mode in which the portable 
telephone 11 is not used, on the other hand, the current 
value is low and the internal impedance of the secondary- 
battery 31 produces little effect, so that the battery 
remaining capacity and the voltage are in substantially a 
one-to-one relationship. Therefore, the discharge 
characteristic can be represented by a single reference 
voltage curve, and the battery remaining capacity of the 
secondary battery 31 can be calculated by measuring the 
voltage value of the secondary battery 31. As described 
above, the reference voltage curve is obtained by 
measuring the voltage value in a state of a low current 
being consumed and then stored in advance as relation 
between the voltage value and the battery remaining 
capacity in the nonvolatile storage device of an 
arithmetic device 42 . The reference voltage curve is 
shown in the graph of FIG. 2. 

That is, in the battery remaining capacity 
calculating method according to the present embodiment, a 
so-called voltage method is used as the remaining 
capacity calculating method at a standby time in the low 
consumption mode. The battery remaining capacity and the 
output voltage in a state in which low current is 
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battery 31 produces a little effect as at a standby time 
can be said to be in substantially a one-to-one 
relationship. Accordingly, the voltage method is used to 
calculate the battery remaining capacity at a time of the 
low consumption mode such as a standby time or the like. 
Incidentally, whether the portable telephone 11 is at a 
standby time may be determined by any method. For 
example, a control unit 32 may receive some signal 
indicating a standby time from the main body unit 21 of 
the portable telephone 11 via a communication line 24 to 
determine that the portable telephone 11 is at a standby 
time . 

In addition, a current measuring circuit may 
detect the value of a consumed current for the 
determination. Since it suffices for the current 
measuring circuit used to detect the consumed current to 
measure a current value, it is not necessary to use a 
sophisticated current measuring circuit that measures 
current in a pulse form with high accuracy, for example. 

Since the discharge characteristic in the low 
consumption mode can be represented by a single reference 
voltage curve, a capacity of discharge characteristic 
information recorded in the nonvolatile storage device of 
the arithmetic device 42 can be reduced. It is thus 
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possible to reduce the storage capacity of the 
nonvolatile storage device and reduce the cost of 
manufacturing of the arithmetic device 42. In addition, 
when information is exchanged between the main body unit 
21 of the portable telephone 11 and the arithmetic device 
42 as a method for determining whether the portable 
telephone 11 is in the low consumption mode or in the 
high consumption mode, constituent parts of the portable 
telephone 11 can be simplified. In addition, even when 
the consumed current is detected to determine whether the 
portable telephone 11 is in the low consumption mode or 
in the high consumption mode, measurement with high 
accuracy is not required, and thus the cost of 
manufacturing the portable telephone 11 can be reduced. 

Description will next be made of a remaining 
capacity calculating method when switching is performed 
from the low consumption mode at a standby time or the 
like when the load on the secondary battery 31 is low to 
the high consumption mode at a call time or the like when 
the load on the secondary battery 31 is heavy. FIG. 6 is 
a graph schematically showing voltage change when a state 
of use of the portable telephone 11 is changed from a 
standby time to a call time. Since the standby time 
represents the low consumption mode in which low current 

48 



S04P1209 



is consumed and there is little voltage change, a change 
satisfying the relation between the voltage value and the 
battery remaining capacity as represented by the 
reference voltage curve continues. However, when 
switching is performed to the high consumption mode by 
starting a call at a certain point in time, the value of 
the consumed current increases sharply, and therefore the 
voltage value also changes sharply due to the effect of 
the internal impedance of the secondary battery 31. The 
voltage decreases discontinuously at the time of starting 
the call, and then decreases slowly. This discontinuous 
decrease in the voltage, which decrease is caused by the 
effect of the internal impedance of the secondary battery 
31 and current value change, can be said to have little 
relation to change in the battery remaining capacity as a 
quantity of electricity dischargeable by the secondary 
battery 31 . 

On the other hand, the slow decrease in the 
voltage after the discontinuous decrease in the voltage 
results from decrease in the battery remaining capacity 
as the portable telephone 11 consumes power. Accordingly, 
it is assumed that the discontinuous decrease in the 
voltage at the moment of switching from the low 
consumption mode to the high consumption mode does not 
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change the battery remaining capacity of the secondary 
battery 31, and the battery remaining capacity is 
calculated ignoring current consumption at the time of 
switching of the power consumption mode. 

Description will next be made of the remaining 
capacity calculating method in the high consumption mode 
at a call time or the like when the load on the secondary 
battery 31 is heavy. As shown in FIG. 6, in the high 
consumption mode, the secondary battery 31 discharges and 
power is consumed by the main body unit 21 of the 
portable telephone 11, whereby the battery remaining 
capacity is decreased. The power consumption of the main 
body unit 21 is performed in a pulse-like manner in 
nature, and thus the value of the output voltage varies 
violently. However, when voltage values for a certain 
time are averaged, the voltage decreases describing a 
gentle curve as shown in FIG. 6. Accordingly, the 
battery remaining capacity is calculated on the basis of 
a start voltage Vn2 as the output voltage at a time of a 
start of the high consumption mode and a voltage gap AV 
representing a change at the time of the discontinuous 
decrease in the voltage. 

As described with reference to FIG. 6, it is 
assumed in the present embodiment that a discontinuous 
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voltage change when switching is performed from the low 
consumption mode to the high consumption mode does not 
affect change in the battery remaining capacity. 
Remaining capacity levels Qn2 before and after the 
discontinuous voltage change are therefore considered to 
be the same. Hence, the remaining capacity level at the 
start voltage Vn2 at the time of the start of the high 
consumption mode is set as Qn2 obtained from the 
reference voltage curve shown in FIG. 2 and the reference 
table shown in FIG. 3. 

As shown in FIG. 6, in the present embodiment, a 
capacity of discontinuous voltage change occurring when 
switching is performed from the low consumption mode to 
the high consumption mode at time tn2 is set as voltage 
gap AV, and current consumption at the time of the mode 
change is ignored. A voltage measuring device 41 
measures the output voltage of the secondary battery 31 
at time tm2 in the high consumption mode. A remaining 
capacity level Qm is calculated on the basis of the value 
Vm2 of the measured voltage and the voltage gap AV. 

The voltage gap AV is a voltage decrease caused 
by the effects of the internal impedance of the secondary 
battery 31 and the value of output current. Therefore 
the measured voltage value Vm2 is considered to result 
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from the voltage decrease corresponding to the voltage 
gap AV from the discharge characteristic represented by 
the reference voltage curve. Accordingly, in the present 
embodiment, the remaining capacity level Qm corresponding 
to an addition voltage value (Vm2 + AV) obtained by 
adding the voltage gap AV to the voltage value Vm2 is 
calculated from the reference voltage curve and the 
reference table. Specifically, when the measured voltage 
value is Vm2 , the remaining capacity level Qm is 
considered to be a remaining capacity level at a point 
where the voltage of the reference voltage curve is at 
the addition voltage value (Vm2 + AV) . A remaining 
capacity level corresponding to the addition voltage 
value (Vm2 + AV) is set as Qm on the basis of the 
reference table shown in FIG. 3. In this case, however, 
the reference table shown in FIG. 3 is updated by 
changing combinations of remaining capacity levels and 
voltages in the reference table so that a remaining 
capacity level at a voltage value (Vt + AV) obtained by 
adding the voltage gap AV to a cutoff voltage Vt is zero. 
In addition, the voltage value (Vt + AV) is updated as a 
new cutoff voltage Vt . 

Incidentally, while in the second embodiment, the 
voltage gap AV is calculated from a discontinuous voltage 
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change at the time of a start of the high consumption 
mode, the voltage gap AV may be obtained as a product of 
the internal impedance R of the secondary battery and a 
current value I in the high consumption mode. In this 
case, the internal impedance R of the secondary battery 
may be measured by any method. It is desirable that the 
voltage gap AV used to obtain the addition voltage value 
at which the remaining capacity level is zero be a 
product of a maximum current value in the high 
consumption mode and the internal impedance. 

The battery remaining capacity calculating method 
according to the present embodiment does not require many 
discharge characteristic graphs when the remaining 
capacity level in the high consumption mode is calculated. 
Therefore a capacity of discharge characteristic 
information recorded in the nonvolatile storage device of 
the arithmetic device 42 can be reduced. It is thus 
possible to reduce the storage capacity of the 
nonvolatile storage device and reduce the cost of 
manufacturing of the arithmetic device 42. 

At this time, for example, a change in the use 
mode of the electronic device connected to the battery 
may be detected to calculate a voltage change caused by a 
current value change at the time of mode switching from 
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voltages before and after the change in the use mode of 
the electronic device. Alternatively, a point of 
discontinuity of the voltage change may be detected as 
shown in FIG. 4 to calculate the voltage change from 
voltages before and after the point of discontinuity. 
Alternatively, as described above, a current measuring 
circuit may detect the value of consumed current so that 
the voltage change is determined on the basis of a 
capacity of change in the value of the consumed current. 

A process for calculating the remaining capacity 
of the secondary battery 31 by the control unit 32 will 
next be described with reference to a flowchart of FIG. 7. 
Incidentally, suppose that information such as the 
reference voltage curve shown in FIG. 2, the reference 
table shown in FIG. 3, the cutoff voltage Vt and the like 
is recorded in the nonvolatile storage device of the 
arithmetic device 42 . Also suppose that the operation of 
the process to be described below is repeated 
periodically during use of the portable telephone 11. 
For example, the operation is repeated with a frequency 
of once in 10 seconds, for example, so that the latest 
remaining capacity level is always calculated and 
displayed . 

Step 11 is a voltage measuring step for measuring 
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the value of output voltage of the secondary battery 31. 
The voltage measuring device 41 transmits an output 
voltage Vm2 measured by the voltage measuring device 41 
to the arithmetic device 42. The process proceeds to 
step 12. 

Step 12 is a mode determining step for 
determining whether the main body unit 21 of the portable 
telephone 11 is in the low consumption mode or in the 
other mode, that is, the high consumption mode. When the 
arithmetic device 42 determines that the main body unit 
21 of the portable telephone 11 is in the low consumption 
mode, the process proceeds to step 13. When the 
arithmetic device 42 determines that the main body unit 
21 of the portable telephone 11 is in other than the low 
consumption mode, the process proceeds to step 14. 

Step 13 is a low consumption time remaining 
capacity calculating step for calculating a remaining 
capacity level Qm in the low consumption mode. The 
arithmetic device 42 calculates the remaining capacity 
level Qm from the output voltage Vm2 of the secondary 
battery 31, the output voltage Vm2 being measured in step 
11 as the voltage measuring step, on the basis of the 
reference voltage curve and the reference table stored in 
advance in the nonvolatile storage device of the 
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arithmetic device 42. The calculated remaining capacity- 
level Qm is recorded in the volatile storage device. The 
process then proceeds to step 18. 

Step 14 is a current change calculating step for 
determining whether switching has just been performed 
from the low consumption mode to the high consumption 
mode or whether a state of the portable telephone 11 
being used in the high consumption mode is maintained. 
The arithmetic device 42 determines whether the value of 
current output from the secondary battery 31 is changed, 
that is, whether the use mode of the portable telephone 
11 is changed. When the arithmetic device 42 determines 
that the value of the current is changed, the process 
proceeds to step 15. When the arithmetic device 42 
determines that the value of the current is not changed, 
the process proceeds to step 16. 

Step 15 is an initializing step performed 
immediately after the use mode of the portable telephone 
11 is changed from the low consumption mode to the high 
consumption mode. In step 15, a parameter necessary to 
calculate the remaining capacity level in the high 
consumption mode is initialized. The arithmetic device 
42 sets a difference between a measured voltage in the 
low consumption mode immediately before the change in the 
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current and a measured voltage in the high consumption 
mode immediately after the change in the current as a 
voltage gap AV. The arithmetic device 42 records the 
voltage gap AV in a volatile storage device. When the 
arithmetic device 42 completes the setting and recording 
of the voltage gap AV as the initializing process, the 
process proceeds to step 16. 

Step 16 is a high consumption time remaining 
capacity calculating step for calculating the remaining 
capacity level Qm in the high consumption mode. The 
arithmetic device 42 adds the voltage gap AV to the 
measured voltage Vm2 , and calculates the remaining 
capacity level Qm when the measured voltage is Vm using 
the reference voltage curve and the reference table 
recorded in the nonvolatile storage device. After the 
remaining capacity level Qm is recorded in the volatile 
storage device, the process proceeds to step 17. The 
value of the voltage gap AV used in this step is recorded 
in the nonvolatile storage device in step 15. When the 
process proceeds from step 14 to step 16, the voltage gap 
AV set in step 15 as the initializing step performed most 
recently is used. 

Step 17 is a reference table updating step for 
rewriting the reference table representing combinations 
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of remaining capacity levels and voltages and the cutoff 
voltage Vt, the reference table and the cutoff voltage Vt 
being recorded in the nonvolatile storage device. In 
this step, the reference table recorded in the 
nonvolatile storage device is updated by changing the 
combinations of remaining capacity levels and voltages in 
the reference table such that a remaining capacity level 
at a voltage value (Vt + AV) obtained by adding the 
voltage gap AV to the cutoff voltage Vt is zero. In 
addition, the cutoff voltage Vt is updated by recording 
the voltage value (Vt + AV) as a new cutoff voltage Vt in 
the nonvolatile storage device. After the reference 
table and the cutoff voltage Vt are updated, the process 
proceeds to step 18 . 

Step 18 is a remaining capacity displaying step 
for displaying the calculated remaining capacity Qm on 
the main body unit 21 of the portable telephone 11. The 
arithmetic device 42 transmits the information of the 
remaining capacity level Qm calculated in step 13 or step 
16 and recorded in the volatile storage device to the 
main body unit 21 via the communication line 24. The 
information of the remaining capacity level Qm is 
displayed on the display device of the main body unit 21 
so that the remaining capacity level Qm of the secondary 
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battery 31 is notified to a user. 

The present embodiment extracts only a voltage 
change caused by a decrease in the battery remaining 
capacity by removing a voltage change at the time of 
change from the low consumption mode to the high 
consumption mode, and calculates a remaining capacity 
level from the voltage change caused by the decrease in 
the battery remaining capacity. Thus, by removing the 
effect of the voltage change due to the internal 
impedance affected by the temperature and a state of 
degradation, it is possible to calculate the remaining 
capacity level accurately. 

First Example 

Data on an experiment using the battery remaining 
capacity calculating method illustrated in the first 
embodiment will be described as an example of the present 
invention. A portable telephone used in the experiment 
is a multi - function portable telephone including a 2-inch 
liquid crystal display and having a function of 
information communication. This portable telephone 
includes a lithium- ion secondary battery with a nominal 
voltage of 3.7 V, a capacity of 730 mAh, a full charge 
voltage of 4.2 V and a cutoff voltage of 3.55 V. The 
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portable telephone is operated on an output from the 
lithium- ion secondary battery. In the present example, a 
remaining capacity is displayed on a scale of 10, which 
is more detailed than currently common three-level 
display. That is, the remaining capacity is displayed 
with 10 as a remaining capacity in a full charge state 
and zero as a remaining capacity in a state in which the 
portable telephone cannot be used. Incidentally, the 
remaining capacity may be displayed in more detail than 
on the scale of 10. Also, time display of a maximum 
standby time, a maximum calling time or the like may be 
made on the basis of the ratio of the remaining capacity. 

First, in order to measure relation between 
voltage during a standby time and the remaining capacity, 
the lithium- ion secondary battery was connected to a 
charging and discharging device that charges and 
discharges the secondary battery. After the secondary 
battery was charged to a fully charged state, a 
discharged capacity and the voltage were measured while 
the secondary battery was discharged with a low current 
of 5 mA. Relation between a remaining capacity level and 
the voltage was obtained from relation between the 
discharged capacity and the voltage. Based on this data, 
combinations of 10 remaining capacity levels and the 
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voltage were stored as a reference table as shown in FIG. 
3 in the nonvolatile storage device of an arithmetic 
device . 

The lithium- ion secondary battery was connected 
to the portable telephone. Voltage during actual use of 
the portable telephone was converted into a digital value 
by a 16-bit AD converter, and sequentially taken into the 
arithmetic device. A voltage measuring frequency was 1 
kHz. The remaining capacity was calculated using, as a 
measured voltage Vm, a voltage obtained by averaging data 
for one second, that is, 1000 voltages. Incidentally, by 
averaging the data for one second, effects of pulse-like 
voltage change occurring at a standby time can be removed. 

In the present example, whether the portable 
telephone was in a low consumption mode at a standby time 
was determined by measuring current. It is determined 
that the portable telephone is at a standby time when the 
measured current is 30 mA as a threshold voltage or lower. 
Incidentally, a current measuring circuit necessary for 
this does not need to be a high-precision circuit; it 
suffices for the current measuring circuit to be able to 
determine whether or not a current having a certain value 
or higher flows. It is determined that a change from a 
standby state to a non-standby state is made when a 
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change in the current occurs . 

In the present example, when it was determined 
that a change in the current occurred, a remaining 
capacity one second before the change in the current was 
stored as a reference remaining capacity level Qn in a 
volatile storage device, and an average voltage for 30 
seconds after the change in the current was stored as a 
start voltage Vn in the volatile storage device. A 
remaining capacity level Qm was calculated by 
substituting the reference remaining capacity level Qn 
and the start voltage Vn stored in the volatile storage 
device, the cutoff voltage of 3.55 V, and present 
measured voltage Vm into Equation 1 as Q = Qn - Qn X (Vn 
- Vm) / (Vn - 3.55). FIG. 8 shows images imitating a 
battery, for displaying the remaining capacity level Qm 
on a main body unit. FIG. 8 shows an example in which 
for easy identification of the remaining capacity level 
Qm by a user, an inside of a frame representing the 
external shape of the battery is divided into nine parts, 
and a display area is changed according to the remaining 
capacity level Qm. 

The remaining capacity was calculated while the 
flowchart of FIG. 5 as the battery remaining capacity 
calculating method according to the present invention as 
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described above was sequentially repeated, so that the 
latest remaining capacity was always displayed for the 
user. FIG. 9 is a graph showing relation between the 
display value of the remaining capacity level Qm and the 
measured voltage Vm. An axis of abscissas in FIG. 9 
indicates the integrated value of a capacity of 
electricity discharged by the lithium- ion secondary 
battery. A line repeating pulse-like variations in FIG. 
9 represents the voltage value of the lithium- ion 
secondary battery. A line changing stepwise in FIG. 9 
represents the display value of the remaining capacity 
level Qm. 

As shown in FIG. 9, the display value of the 
remaining capacity level is decreased according to the 
capacity of electricity discharged by the lithium-ion 
secondary battery. Thus, the remaining capacity level Qm 
of the lithium- ion secondary battery can be calculated 
highly accurately and minutely. 
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